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In contrast to the molecular mechanisms underlying import of peroxisomal matrix proteins, those involving the transport of membrane proteins
remain rather elusive. At present, two targeting routes for peroxisomal membrane proteins (PMPs) have been depicted: class I PMPs are targeted
from the cytoplasm directly to the peroxisome membrane, and class II PMPs are sorted indirectly to peroxisomes via the endoplasmic reticulum
(ER). In addition, three peroxins – Pex3p, Pex16p, and Pex19p – have been identified as essential factors for PMP assembly in several species
including humans: Pex19p is a predominantly cytoplasmic protein that shows a broad PMP-binding specificity; Pex3p serves as the membrane-
anchoring site for Pex19p; and Pex16p – a protein absent in most yeasts – is thought to provide the initial scaffold for recruiting the protein import
machinery required for peroxisome membrane biogenesis. Remarkably, the function of Pex16p does not appear to be conserved between different
species. In addition, significant disagreement exists about whether Pex19p has a chaperone-like role in the cytosol or at the peroxisome membrane
and/or functions as a cycling import receptor for newly synthesized PMPs. Here we review the recent progress made in our understanding of the
role of two key players in PMP biogenesis, Pex3p and Pex19p.
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Over the past two decades, much has been learned about how
peroxisomes arise [1]. The biogenesis of this organelle can be
viewed as the integration of multiple processes: peroxisomal
membrane biosynthesis, import of matrix proteins, and peroxisome
growth and division [2]. The phospholipids of the peroxisome
membrane are synthesized in the endoplasmic reticulum (ER) and
transported to the peroxisome membrane by an unknown
mechanism [3]. Newly synthesized peroxisomal membrane
proteins (PMPs) can be targeted directly from the cytoplasm toAbbreviations: ALDP, adrenoleukodystrophy protein; ALDPR, adrenoleu-
kodystrophy-related protein; CG, complementation group; CHO, Chinese
hamster ovary; ER, endoplasmic reticulum; mPTS, peroxisomal targeting signal
of membrane proteins; PBD, peroxisome biogenesis disorder; PMP, perox-
isomal membrane protein; TRiC, TCP-1 RING complex
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mechanisms responsible for the targeting of these proteins to the
peroxisomal membrane are still rather poorly understood. What is
clear is that PMPs do not use the sorting machinery of peroxisomal
matrix proteins but follow an alternative pathway [6]. This is best
illustrated by the distinct protein import defects observed in yeast
strains deficient in peroxisome biogenesis [7–11] and fibroblasts
from patients with peroxisome biogenesis disorders (PBDs) [12].
For example, cells from patients classified in most complementa-
tion groups (CG) of theZellweger spectrum (CGs 1, 2, 3, 4, 7, 8, 10,
11, or 13) are characterized by the presence of peroxisomal remnant
structures that contain a number of PMPs but no or only residual
amounts of matrix proteins [2,12,13]. This suggests that the genes
defective in these CGs are involved in peroxisomal matrix protein
import. In contrast, cells from patients classified in CG9, CG12 or
CG14 are devoid of peroxisomal remnant structures [14–20]. This
indicates that the genes defective in these CGs are required for
peroxisome membrane biogenesis.
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Genetic phenotype-complementation assays of CHO [15,18]
and yeast [7,8,10] cells specifically crippled in the assembly of
peroxisomal membrane structures (see above), revealed the
identity of two gene products: Pex3p and Pex19p. Mutations in
the corresponding genes define CG12 [18,19] and CG14
[15,16] of the PBDs, respectively. Along with these studies,
databases of expressed sequence tags were searched for
potential mammalian homologues of known yeast peroxins,
and the corresponding cDNAs were expressed in fibroblasts
from a CG9 patient. These experiments identified a mammalian
homologue of Y(arrowia) lipolytica PEX16 as the causative
gene for this complementation group [14,17,20]. Remarkably,
the genome of S(accharomyces) cerevisiae seems to lack a
PEX16 homologue [20], and the function of Pex16p does not
appear to be conserved among species [14,17,20,21]. For
example, Y. lipolytica Pex16p has been reported to facilitate the
import of a number of matrix proteins and to play a role in
peroxisome proliferation [21]. In contrast, human Pex16p is
essential for the synthesis of peroxisomes and PMP import [20].
Note that – while this manuscript was under review – it was
reported that the origin and maintenance of mammalian
peroxisomes involves a de novo Pex16p-dependent pathway
from the ER, and postulated that the cotranslational insertion of
Pex16p into the ER may provide the initial 'seed' or 'scaffold'
for recruiting other components that are required for peroxisome
biogenesis from the ER [22]. The remaining sections of this
review will primarily focus on the functional role of Pex3p and
Pex19p – two evolutionarily conserved peroxins – in PMP
biogenesis.
3. Functions of Pex19p
3.1. Introduction
Pex19p is a hydrophilic and acidic protein exhibiting a broad
binding specificity for PMPs [8,16,23–28]. The protein is
predominantly found in the cytoplasm [8,15,16]. However, a
small but significant portion of Pex19p is also associated with
the peroxisome membrane [8,15,16]. With the exception of the
trypanosomatid orthologues, all currently known Pex19p
proteins contain a farnesylation consensus motif at their C-
terminus [29,30]. Analytical centrifugation and circular dichro-
ism studies of human Pex19p have shown that the full-length
protein disperses as a monomer in solution, and the N-terminal
half of the protein displays a disordered conformation [31]. The
A(rabidopsis) thaliana homologue has been reported to be a
dimeric protein [32]. At present, several functions for Pex19p
have been proposed.
3.2. PMP-specific chaperone
Over the last few years, it has become increasingly clear that
Pex19p proteins display a high binding affinity for a variety of
peripheral and integral PMPs with diverse functions [16,23–30]. Studies in a cell-free translation system have shown that
PMPs translated in the presence of purified Pex19p remain
soluble, whereas PMPs synthesized in the absence of this
peroxin form aggregates during translation [31,33]. Aggregated
PMPs are no substrate for Pex19p-binding [31]. Pex19p-
binding increases the half-life of newly synthesized PMPs and
maintains their membrane insertion-competent conformation
[9,16,31,33,34]. Summarized, these observations suggest that
Pex19p has chaperone-like functions: it binds and stabilizes
newly synthesized PMPs in the cytoplasm, most likely by
shielding their hydrophobic membrane-spanning domains (see
below) [31]. This hypothesis is further supported by the in vivo
observation that the loss of Pex19p results in PMP degradation
and/or mislocalization [16,25,35].
3.3. PMP-import receptor
The trafficking of PMPs to peroxisomes depends on the
presence of cis-acting targeting signals, called mPTSs [1].
Currently, many mPTSs have been identified, and it is clear that
these signals show great variability in terms of length and amino
acid sequence [16,23,24,27,28,30,36–39]. An emerging view is
that mPTSs consist of a targeting element and a membrane-
anchoring sequence [28]. The observation that Pex19p interacts
with the mPTSs of many PMPs [16,27,28,36–40], and that a
portion of cellular Pex19p is found associatedwith the outer surface
of peroxisomes [8,15,16], makes this peroxin a prime candidate for
being a cycling PMP receptor protein [35,41]. This hypothesis is
further supported by the finding that a transient inhibition of
Pex19p activity causes a specific PMP import defect [35]. In
addition, pulse-labeling experiments have shown that Pex19p
displays a kinetically restricted interaction with PMPs, preferen-
tially binding newly synthesized PMPs in the cytoplasm [35].
Furthermore, by employing an in vitro import assay, it has been
shown that Pex19p can direct newly synthesized PMPs to the
peroxisome membrane, and recycle back to the cytoplasm for
another round of binding and translocation (see below) [34].
However, there also exist data that are difficult to reconcile with
Pex19p being a general cycling PMP receptor protein. For
example, for a number of PMPs it has been shown that the
Pex19p interaction domain and the targeting domain can be
functionally or physically separated [23,24,42–45]. In addition, P
(ichia) pastoris [46] and Y. lipolytica [47] pex19 cells still contain
morphologically identifiable peroxisomal structures, and PMPs are
correctly sorted to peroxisomal structures in H(ansenula) poly-
morpha and S. cerevisiae pex19 cells overexpressing Pex3p [10].
3.4. Regulator of membrane-associated protein complexes
For a number of PMPs, the Pex19p-binding sites and the
targeting signals do not overlap (see above). This suggests that
for these PMPs the peroxisome – and not the cytoplasm – is the
site of interaction. Indeed, crosslinking and fluorescence reso-
nance energy transfer experiments have shown that Pex19p can
indeed interact with PMPs at the peroxisome membrane [23,48].
As these interactions were not reduced upon inhibition of new
protein synthesis, it was suggested that Pex19p binds to the pre-
Fig. 1. Schematic representation of the domain organization of Pex19p as
predicted from protein–protein interaction studies. As the results presented here
are compiled from different organisms, the domain sizes are only approximately
to scale. Interaction domains for which the biological importance has not yet
been proven, are indicated by a question mark. 3a, N-terminal Pex3p-binding
domain (all orthologues); 3b, C-terminal Pex3p-binding domain (human
orthologue); 14, Pex14p-binding domain (human orthologue), PMP, broad-
specificity PMP-binding domain (all orthologues).
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peroxisome membrane [23]. Therefore, it was postulated that
Pex19p may function as an assembly or disassembly factor of
peroxisome membrane-associated protein complexes. In this
context, it should be noted that human Pex19p has been shown to
compete with Pex5p and Pex13p for binding to Pex14p in vitro
[49]. This suggests that Pex19p may play a direct role in the
import of peroxisomal matrix proteins through a regulation of
the Pex14p docking complex [49]. However, such a competitive
activity of Pex19p could not be detected by others using purified
recombinant proteins including Pex14p, Pex13p, Pex5p, PTS1-
cargo, and Pex19p [50]. The biological significance of these in
vitro observations remains to be defined.
3.5. Pex3p-recruitment factor
The peroxin Pex3p has been identified as a peroxisomal
membrane protein in yeasts [7,51–53], mammals [42,43], and
A. thaliana [54]. The S. cerevisiae and plant homologues
have been shown to be sorted indirectly to peroxisomes via a
specialized subdomain of the ER [54–57]. Recent work has
demonstrated that peroxisome formation from this preperox-
isomal compartment requires Pex19p [56,57]. Specifically, it
has been shown that without Pex19p, Pex3p cannot leave the
ER [57]. The mechanism by which the Pex19p-dependent
export of Pex3p from the ER occurs is currently unknown.
3.6. Multifunctional protein
As addressed above, significant disagreement exists about
the biological role of Pex19p in peroxisome biogenesis. The
functions listed above are not necessarily mutually exclusive.
For example, knowing that the hydrophobic domains of PMPs
must be masked as PMPs move through the cytoplasm to the
peroxisome membrane, one can easily imagine that the PMP-
specific chaperone and transport functions are contained within
one and the same protein [35]. In this context, it is interesting to
note that many multifunctional proteins are composed of
multiple domains, each having a specific and distinct function.
In line with this assumption, it has been demonstrated that
Pex19p possesses a multi-domain structure (Fig. 1) [58].
4. Functions of Pex3p
4.1. Introduction
Pex3p has been identified as a peroxisomal membrane
protein. The number of predicted transmembrane domains as
well as the topology of the protein varies between species
[42,43,54,59]. Despite these differences, the targeting informa-
tion of all Pex3p orthologues is contained within their amino-
terminal 46 amino acids [7,42,43,51,57,59,60]. In addition, it
has been shown that these stretches of amino acids do not
interact with Pex19p [16,23,24,43,48]. This suggests that Pex3p
is targeted to peroxisome membranes in a Pex19p-independent
manner. This point of view is also supported by the observation
that – at least in mammalian cells – a transient inhibition ofPex19p has no effect on the import of Pex3p into pre-existing
peroxisomes [35]. However, as described above, in a peroxi-
some-less pex19Δ mutant of S. cerevisiae Pex3p routes to a
specialized domain of the ER, and Pex19p is required for the
exit of Pex3p from this compartment [55–57].
4.2. Pex19p docking factor
Several types of experiments have provided convincing
evidence that Pex3p functions as a docking factor for Pex19p.
Indeed, it has been shown that a transient inhibition of Pex3p
function thwarts the recruitment of Pex19p to the peroxisome
membrane in human fibroblasts [61], and that Pex19p enriches
first at Pex3p foci in the ER and then on the maturing
peroxisomes in S. cerevisiae [56]. Also, the interaction of
Pex19p with Pex3p is essential for its docking at the peroxisome
membrane (see below) [25,58,61].
4.3. Assembly and integrity factor of PMP subcomplexes
In contrast to what has been reported for mammalian
[16,18,19], S. cerevisiae [8], and H. polymorpha [7,10] cells
deficient in Pex3p, P. pastoris pex3Δ cells contain peroxisome
remnants [62]. This observation suggests that P. pastoris Pex3p
is unlikely to play a direct role in the targeting and insertion of
PMPs, but fulfills a rather different function in peroxisome
biogenesis. In line with this hypothesis, P. pastoris Pex3p has
been reported to be a common constituent of the peroxisomal
matrix protein import docking and translocation subcomplexes,
and to be required for the proper assembly and integrity of the
translocation subcomplex [62]. As a result, it has been proposed
that this peroxin is involved in the maturation of a pre-
peroxisome biogenesis intermediate to a state that is competent
for the import of peroxisomal matrix proteins [62].
5. Pex19p-mediated protein–protein interactions
5.1. Introduction
In order to gain further insight into the functional properties
of Pex19p, the domain architecture of human Pex19p has been
Fig. 2. A schematic view of peroxisomal membrane biogenesis. Pex3p (3) and
Pex19p (19) are pivotal molecules in the post-translational import of
peroxisomal membrane proteins. Pex19p binds and stabilizes newly synthesized
class 1 mPTS-containing peroxisomal membrane proteins (PMP) in the
cytoplasm, and transports them to peroxisomes via anchoring to Pex3p. PMPs
include Pex16p but exclude Pex3p. Pex3p is a class 2 mPTS-containing protein
that is targeted to peroxisomes via the endoplasmic reticulum (ER) or a
peroxisome precursor.
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peroxin consists of a rigid C-terminal domain and a flexible N-
terminal region (Fig. 1) [31]. In addition, it has been
demonstrated that (i) the N-terminal fragment can be further
divided into a region that interacts with Pex3p and one that binds
to Pex14p [58], and (ii) the C-terminal domain –which contains
aCAAXmotif common to prenylated proteins – interacts with all
PMPs investigated (PMP20, PMP70, ALDP, ALDRP, Pex3p,
Pex11pβ, Pex12p, Pex13p, Pex16p, and Pex26p) except Pex14p
(Fig. 1) [25,31,58,63]. Interestingly, the C-terminal domain
contains two partially overlapping binding sites: one for Pex3p,
and a distinct one for the other PMPs [58]. It has also been shown
that – at least under certain experimental conditions – the CAAX
box of human Pex19p is an important determinant for its
association with Pex10p, Pex11pβ, Pex12p, and Pex13p
[24,25]. In S. cerevisiae, the interaction between Pex3p with
Pex19p requires farnesylation of the latter molecule [9].
5.2. Pex19p–PMP interactions
Proteins with a common interaction partner often possess a
common feature that mediates binding, either a domain or a
linear motif [64]. In line with this assumption, it has been found
that the Pex19p-binding sites of most PMPs can be limited to an
11 amino acid region, which is characterized by the presence of
conserved hydrophobic and positively charged amino acids
[40]. Moreover, a systematic analysis of the Pex19p-binding
sites of yeast PMPs has led to the development of a prediction
matrix [40] which allows the prediction of the Pex19p-binding
sites in other PMPs [30,39]. Interestingly, these Pex19p-binding
sites are often an integral part of the mPTS [27,28,39,40]. Also,
in conjunction with a transmembrane segment, they are
sufficient for peroxisomal targeting and membrane insertion
[39,40]. These observations support the idea of Pex19p being a
PMP-receptor protein. However, as (i) Pex19p does not interact
with the targeting signal of Pex3p [23,24,35,43,48,55,61], and
(ii) inhibition of Pex19p function has no effect on the
peroxisomal targeting of the mPTS of Pex3p [35], it has been
suggested that there are at least two classes of functionally
distinct mPTSs (see below).
5.3. Pex19p–Pex3p interaction
The observations described in the introduction of this section
suggest that the binding mode of Pex3p differs from that of the
other PMPs. This idea is further strengthened by the fact that
ternary Pex3p–Pex19p–PMP complexes can be isolated in
vitro, but only when the N-terminal flexible region of Pex19p is
covalently attached to the C-terminal core domain [31,34]. The
domain of human Pex3p that serves as the docking site for
Pex19p has been located between the amino acids 120 and 136
[61].
5.4. Biological role
Currently, it is widely accepted that Pex3p and Pex19p are
pivotal molecules in the post-translational import of peroxisomalmembrane proteins [41]. In addition, there is compelling
evidence that Pex19p and Pex3p form – at least transiently – a
structural and functional unit [31,34,48,56,61]. As it has been
shown that (i) Pex3p, Pex19p and PMPs can form ternary protein
complexes in vitro [31,34], (ii) Pex19p can bind newly-
synthesized PMPs in the cytoplasm [16,25,34,35], and (iii)
Pex3p serves as the membrane-anchoring site for Pex19p
[48,61], there is very robust evidence in favor of Pex19p being a
cycling PMP receptor protein—at least for those PMPs for
which the identified Pex19p-binding site(s) coincide with the
targeting signal(s) (Fig. 2). Additional evidence in support of the
receptor model comes from a recent in vitro study wherein it has
been shown – by employing a cell-free Pex19p-translocation
system – that PMPs such as Pex16p and a C-tail-anchored-type
Pex26p are transported to and integrated into the peroxisome
membrane in a Pex19p-dependent manner [34]. As described
above, human Pex19p contains at least two distinct Pex3p-
binding sites that can be physically separated (see above)
[25,58,63]. The binding site present in the N-terminal fragment
of Pex19p is required and sufficient for its docking at the
peroxisome membrane [25,58,61]. This result is in line with the
observation that the membrane localization of Pex19p is not
dependent on farnesylation [25,34,61,65]. The biological
function of the binding site in the C-terminal domain of
Pex19p remains unclear [58]. However, as in the Pex19p
receptor model bound PMPs need to be released after docking of
Pex19p at the peroxisome membrane, it is tempting to speculate
that the interaction between the C-terminal domain of Pex19p
and Pex3p serves to dissociate the other PMP interactions
occurring through this domain [58]. Finally, conflicting data
exist on the role of farnesylation of Pex19p in peroxisome
biogenesis [8,15,16]. However, although it has been reported
that theCAAX prenylation motif of Pex19p may be important for
its interaction with various PMPs [9,24,25], increasing evidence
suggests that farnesylation of Pex19p is not essential for its
function. Indeed, several independent research groups have
shown that Pex19p variants lacking a functional farnesylation
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deficient P. pastoris [23], Y. lipolytica [47], and mammalian
[25,36,63,65] cells. Also, peroxisome protein import does not
appear to be affected in yeast and mammalian cells defective in
one of the enzymes involved in the farnesylation pathway [65].
Summarized, these observations support the view that Pex19p
functions well without the farnesyl moiety [16]. Recently,
however, it has been reported that a deletion of the CAAX box
from the C-terminus of Pex19p slightly reduces its peroxisome-
restoring activity in Pex19p-deficient CHO-K1 cells [25]. On
this basis, it was speculated that farnesylation may promote a
proper conformational change of the C-terminal domain of
Pex19p by which the function of the peroxin is regulated.
6. Import of peroxisomal membrane proteins
6.1. Introduction
The most widely accepted model for peroxisome membrane
protein biogenesis is that PMPs are synthesized on free
polyribosomes in the cytoplasm and imported posttranslation-
ally into pre-existing peroxisomes [66]. Initial in vitro
reconstitution assays [67–70] and in vivo (pulse-chase) experi-
ments [69] have shown that (i) newly-synthesized PMPs first
appear in the cytosolic fraction and are then transported into the
peroxisomal fraction [69], and (ii) the targeting and membrane
insertion of PMPs depends on cytosolic factors and proteinac-
eous components of the organellar membrane [67,69,70]. For
example, it has been shown that rat PMP22 – synthesized in an
in vitro transcription and translation system – can form two
complexes in the post-ribosomal supernatant: on one hand, the
protein associates with the cytosolic chaperonin-containing T-
complex (TRiC) (= complex I); on the other hand, the protein
tightly binds to P 40, a 40 kDa cytoplasmic protein that has not
been identified yet (= complex II) [70]. As the membrane
insertion competence of PMP22 is predominantly confined to
complex II, it was suggested that newly synthesized PMP22 is
first bound to TriC, a protein that may maintain PMP22 in a
transport-compatible conformation, before being transferred to P
40, a protein that may function as a cytosolic PMP22 import
receptor [70]. In this context, it is interesting to note that –
although P 40 has not yet been identified at the molecular level –
this protein has several features in common with Pex19p,
including its (i) molecular weight, (ii) subcellular localization,
and (iii) ability to bind in vitro translated PMPs and direct these
proteins to peroxisome membranes in a cell-free system [34].
Currently, there is no consensus whether or not PMP membrane
insertion requires a source of energy [67–70]. However, recently
it has been shown that the targeting of (cargo-loaded) Pex19p to
peroxisomes occurs in an ATP-dependent manner [34]. In
contrast, ATP is dispensable for the release of Pex19p from
peroxisomes (Fig. 2) [34].
6.2. Distinct sorting pathways
Upon co-expression with Pex19p in Pex19p-deficient
mammalian cells, integral membrane peroxins are initiallymaintained in the cytosol and then transported to newly formed
peroxisomes [16,25]. Therefore, it is most likely that Pex19p
functions in the transport of membrane proteins to peroxisomes,
almost certainly as a chaperone-like factor and a transporter.
Recently, it has been shown that there exist at least two PMP
import mechanisms and two classes of mPTSs: class 1 mPTSs,
which are bound by Pex19p and imported in a Pex19p-
dependent manner, and class 2 mPTSs, which function
independently of Pex19p (Fig. 2) [35]. Until now, only Pex3p
has been identified as a class 2 mPTS-containing PMP [35].
Whether the targeting of PMPs for which the Pex19p-binding
site(s) and the targeting signal(s) do not coincide is mediated by
virtue of an association with genuine class 1 mPTS-containing
proteins or by another PMP import receptor, remains an open
question.
6.3. Involvement of the ER
Three independent groups have reported that Pex3p is
translocated to the ER at the initial stage of peroxisome biogenesis
in S. cerevisiae [55–57]. In addition, in one of these studies it was
shown that Pex3p – fused to a yellow fluorescent protein – was
constitutively transported to peroxisomes via the ER, where
Pex19p was then required for the exit of Pex3p from the ER [56].
However, the precise role of S. cerevisiae Pex19p in this process
remains elusive. More recently, by using a new pulse-chase
imaging protocolwith photoactivatable green fluorescent protein, it
has been shown that peroxisomes can also arise de novo from the
ER in both normal and peroxisome-less mammalian cells [22].
Within this study, it has been suggested that Pex16p regulates this
process by being cotranslationally inserted into the ER and
recruiting other peroxisomal membrane proteins to membranes
[22]. Interestingly, treatment of human cells with Brefeldin A – a
fungal toxin that interferes with COPI-coated vesicle formation –
has no effect on peroxisome morphology or integrity, and does not
inhibit sorting of newly synthesized PMPs to peroxisomes [71,72].
This observation suggests that peroxisome biogenesis does not
require the standard secretion pathway. In line with this hypothesis,
it has been reported that temperature-sensitive defects affecting the
function of the Sec61p protein import channel in S. cerevisiae show
no impairment of peroxisome formation at the restricted
temperature [72]. In contrast, however, it has been reported that
(i) the addition of Brefeldin A to cultures ofH. polymorpha results
in the (reversible) accumulation of peroxisomal membrane and
matrix proteins at the ER [73], and (ii) mutations in genes of Y.
lipolytica causing thermosensitive defects in the exit of secretory
proteins from the ER cause a transient accumulation of the PMPs
Pex2p and Pex16p in the ER after shifting the cells to a
nonpermissive temperature [74]. Whether the observed differences
derive from the organism under study or the particular methodol-
ogy employed (e.g. the use of tagged, truncated, and/or over-
expressed reporter proteins), remains to be investigated.
7. Conclusions and future perspectives
Over the last decade, there has been a rapidly growing
interest in the mechanisms that govern peroxisomal membrane
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insertion of a protein into the peroxisomal membrane can be
described in general terms. It has become apparent that Pex3p
and Pex19p act as key players in this process (Fig. 2). There is
solid evidence that Pex19p can function as a chaperone and
import receptor for PMPs containing a class 1 mPTS. It is also
clear that Pex3p can act as a membrane recruitment factor of
(cargo-loaded) Pex19p. However, many questions remain open,
in particular regarding the mechanistic details of the PMP
import process. For example, little is known about how Pex19p
interacts with its cargo PMPs, and it is far from clear how
binding of cargo-loaded Pex19p to Pex3p eventually results in
the insertion of PMPs into the peroxisome membrane. Future in
vitro and in vivo studies investigating the structure and
dynamics of these multi-protein complexes will provide a
better view into how Pex3p and Pex19p function.
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